F luctuating asymmetry (FA) has recently attracted a surge of attention (e.g. Zakharov & Graham 1992; Markow 1994; Palmer 1996; Møller & Swaddle 1997) . Interest in FA has been fuelled mainly by its qualities as a measure of developmental and environmental stress (e.g. Leary & Allendorf 1989; Clarke 1995; Lens et al. 1999) , and in the context of sexual and natural selection (e.g. Balmford et al. 1993; Polak & Trivers 1994; Møller & Swaddle 1997; Clarke 1998; Simmons et al. 1999) . However, methodologically, it is difficult to distinguish FA from other types of asymmetry and from measurement error. Statistical procedures to discern different types of subtle asymmetry have been suggested (Palmer & Strobeck 1986 , 1992 Palmer 1994; Van Dongen et al. 1999a) . Signed asymmetry values deviating significantly from a mean of zero are defined as directionally asymmetric, whereas significant platykurtosis of their distribution (broad-peaked or bimodal) indicates possible antisymmetry. Measurement error can be estimated by ANOVA (Palmer & Strobeck 1986; Swaddle et al. 1994) , or alternative approaches such as residual maximum likelihood analysis (REML, Van Dongen et al. 1999b) , and can be used for significance testing of FA. However, measurement error may not be confined to random variation, as estimated by the error term in ANOVA. It may also bias the effects of fixed factors in FA analyses, for example, sides of a bilateral trait, and affect FA measures and test results for different asymmetry types. Such bias may be widespread among studies involving complicated measurements carried out with two hands, since most observers are to some extent handed (i.e. their hands differ in skills). Here, we report on such a bias we encountered when measuring wing lengths in live birds of a small passerine species, the stonechat, Saxicola torquata.
Methods
To estimate FA in different populations of stonechats, we repeatedly measured wing length, length of the eighth primary (counted from the inside) and tarsus, in 111 hand-reared stonechats (for information on birds and holding conditions, see Gwinner et al. 1987; Helm & Gwinner 1999) . Each measure was repeated three times for each side, alternately. All birds were measured in one session on one day. Subsequent analyses in a factorial ANOVA (Palmer & Strobeck 1986) revealed significant FA for all three traits (unpublished data). For wing length only, there was additional significant directional asymmetry. Biologically, deviations from symmetry in such a highly functional trait seemed unlikely (Balmford et al. 1993) . Studies on starlings, Sturnus vulgaris (Swaddle et al. 1996; Swaddle & Witter 1997) , have shown that even small deviations from symmetry caused by moult had negative effects on bird flight. Therefore, we asked three additional persons to remeasure a subset of birds. Two observers were right-handed and two left-handed (one left-handed person had bihanded skills). The original right-handed researcher repeated his measurements to control for possible effects of wear within the interim time of 75 days. One subset of 10 birds was measured by all three control observers, and twice by the original observer. Both wings of all birds were measured three times by each observer, giving a total of 300 measurements. From the three repeat measurements, we calculated the mean signed asymmetry values (right side minus left side) for each bird (Palmer 1994) .
It is difficult to measure the wing length of live birds because great care must be taken to avoid injuring the wing. Therefore, the measuring techniques are complicated (Berthold & Friedrich 1979; Jenni & Winkler 1989; Svensson 1992) . In our study, observers held the bird in one hand, with the thumb gently pushing the wing on to a stopped ruler (Fig. 1) . They used their other hand to straighten out the feathers and measure the wing to the 
